Abstract-The aim of this paper is to improve the energy efficiency during network discovery in heterogeneous networking environments. To this end, we propose a novel network discovery algorithm that exploits both user and network context information in order to efficiently adapt the network scanning period, thus avoiding unnecessary energy-consuming scanning or mis-detection of available networks that can be used as targets of handover. The performance of the proposed algorithm is compared against a system that performs network scanning in a periodic manner, without taking into consideration the user and network context information. According to simulation results, the system that employs the proposed network discovery algorithm achieves significant performance improvement in terms of energy consumption and network detection delay, with no loss in the network detection rate.
In order to reduce its energy consumption and improve its provided Quality of Service (QoS) level, a user in a heterogeneous networking environment proactively scans for available access networks to obtain up-to-date knowledge of the network topology in his vicinity and performs vertical handovers to less power-consuming networks, when possible. Traditionally, in legacy networks, the procedure of network scanning is performed periodically, with a fixed predetermined period, without considering any information on the user and system conditions and requirements. However, this often results in inefficient performance in terms of energy consumption due to the fact that context information, such as the availability of neighboring networks, as well as the user's current position, speed and travelled distance since the last network scanning, are not taken into consideration. Therefore, unnecessary energy-consuming network scanning may be performed in case the user is moving very slowly or not moving at all and the surrounding topology does not change. Moreover, in the case of high user speed, the network scanning may not be performed frequently enough resulting in increased probability of mis-detection of available less energyconsuming networks.
The recent literature on energy efficient network discovery mainly focuses on adaptively determining either the available channels to scan [2] , or the most appropriate time for a user to perform a network scan, aiming to accurately detect available neighboring networks without increasing the energy consumption [3] - [4] . More specifically, in [2] , an energy efficient idle scanning strategy for local area networks is proposed. This method exploits the operating channels and Access Point (AP) density information provided by the Access Network Discovery and Selection Function (ANDSF) [5] , defined by the 3 rd Generation Partnership Program (3GPP). In [3] , the authors propose a system that considers information on the user mobility and the AP density information to determine the Wireless Local Area Network (WLAN) [6] scanning period. However, the AP density information used is not explicitly provided by the network, but is calculated by the previously performed network scanning. In [4] , the issue of vertical handover between integrated IEEE 802.16e [7] and WLAN networks is addressed. The proposed scheme allows a mobile user to decide whether to attempt AP discovery and how to set the 802.11 active scanning intervals. However, this scheme is designed to use standard IEEE 802.16e signaling and does not consider the possibility of vertical handover between IEEE 802.16e/WLAN and 3GPP networks.
To address the problem of network scanning period adaptation and improve the energy efficiency of the network scanning procedure, in this paper we propose a novel ANDSFassisted network discovery algorithm that exploits information on the user location and on the location of available networks, in order to decide when to perform a network scanning. The aim of the proposed algorithm is to avoid unnecessary energyconsuming network scanning and mis-detection of available networks that can be used as targets of handover. The performance of the system that employs the proposed algorithm is compared against a system that performs network scanning with a fixed period, without taking into consideration the user or the network context information.
The rest of this paper is organized as follows. Section II provides an overview of the system model. In Section III the proposed energy efficient ANDSF-assisted network discovery algorithm is described. Section IV evaluates the proposed algorithm's performance through simulations. Finally, Section V contains conclusions and plans for future work.
II. SYSTEM MODEL
The system model, as shown in Fig. 1 , consists of a large geographic area covered by a number of neighboring Long Term Evolution (LTE) [8] cells (called eNodeB according to 3GPP), and a number of randomly distributed WLAN APs [6] . The User Equipments (UEs) who move randomly all over this area perform eNodeB selection and inter-eNodeB handovers based on the measurement of the received signal strength. Moreover, they regularly perform network scanning in order to detect the presence of a WLAN AP that they can connect to. When an available WLAN AP is discovered by a UE, the UE will perform a vertical handover to the WLAN for better services and energy-saving transmission purposes. When the UE moves out of the coverage of the WLAN AP, the UE performs a WLAN-LTE handover. An ANDSF server is deployed at the Evolved Packet Core (EPC) acting as a database to record the network context, e.g., the WLAN AP location information. A UE is assumed to be able to estimate its current location using mature localization techniques such as Assisted Global Positioning System (AGPS) [9] . Moreover, a UE can estimate its movement information, e.g., its travelled distance, through its embedded accelerometer that is prevalent in current mobile phones. This operation consumes much less energy compared to GPS-like location estimation operations [10] , and is often utilized by various phone applications.
III. ANDSF-ASSISTED NETWORK DISCOVERY
In this section, the proposed ANDSF-assisted network discovery algorithm is presented. Information on the user location and on the location of the available networks is exploited by the UE in order to make network scanning decisions, reduce unnecessary network scanning and avoid mis-detection of available neighboring networks.
A. The 3GPP Access Network Discovery and Selection Function
The ANDSF [5] has been defined by the 3GPP to assist UEs to discover and access non-3GPP access networks, such as WLANs or Worldwide Interoperability for Microwave Access (WiMAX) networks. It is expected to be deployed in the core network, acting as a central database to provide the network context information to the UE, facilitating the network discovery and selection process.
According to the 3GPP specification, the ANDSF can provide three types of information to a UE based on the operators' configuration: Inter-System Mobility Policy (ISMP) to specify rules for a UE to select and route traffic over the most preferable single access network at a given time, Inter-System Routing Policy (ISRP) to specify rules for a UE to select and route traffic simultaneously over multiple access networks, and access network discovery information to provide a list of available networks in the vicinity of the UE and relevant information assisting the UE to discover and connect to these networks. The policy and discovery information elements have been specified by 3GPP in [11] . The signaling flow chart for non-3GPP access via ANDSF is shown in Fig. 2 . Inter-system change Procedure Figure 2 . Signaling flow for non-3GPP access via ANDSF [5] There are two modes defined for the ANDSF operation: the "push" mode enables the ANDSF to provide assistance information or notifications at any time to the UE, while the "pull" mode provides the UE with the capability to send a request to the ANDSF in order to get assistance information for access network discovery and selection.
While the functionality requirements and typical information elements have been defined by 3GPP, the ANDSF implementation is not clarified in the current 3GPP documents. For example, how frequently a UE should send a query to the ANDSF to retrieve information about available access networks at its vicinity is not defined in the 3GPP documents. Similarly, the way to exploit the terminal and network context for efficient network discovery and access is left to the vendors'/operators' discretion.
B. The ANDSF-assisted Network Discovery Algorithm
To improve the system performance in terms of energy efficiency and avoid unnecessary queries to the ANDSF and the subsequent network scanning, the proposed algorithm introduces a new UE context parameter that is taken into consideration in the decision for a network scanning initiation: the query distance q d . The query distance is set as the distance between the UE and the closest WLAN AP discovered in the previous ANDSF query. According to the proposed algorithm, when the UE has travelled a distance d larger than q d since the last ANDSF query, the UE will estimate its current location and send a new query with its location information to the ANDSF server. The ANDSF will check the network context and respond to the UE's query with a list of the available networks in the UE's coverage area, if any. The UE will use this information to perform the network scanning and possibly also perform a vertical handover. If there is no WLAN AP accessible by the UE at the current location, the ANDSF will check the WLAN AP map and set a new query distance q d to the UE. The UE will reset d and use its embedded accelerometer to estimate its travelled distance. While more complex mobility prediction algorithms may be employed to further improve the performance, the algorithm proposed in this paper achieves a good balance in the tradeoff between algorithm complexity and effectiveness, as shown in the next section, and is completely compliant with the 3GPP specifications.
IV. PERFORMANCE EVALUATION
To evaluate the performance of the proposed network discovery algorithm, a simulation model was constructed in C++. The performance of the proposed algorithm was compared against an algorithm that performs periodic network scanning with a fixed period of 1, 2, 3 and 6s, respectively, without taking into consideration the user or network context information. In the simulation scenario considered, the total energy consumption per user, the average network detection delay and the average network detection rate were measured with respect to the WLAN AP density, i.e., the number of available WLAN APs per km 2 , and the user speed. The simulation parameters used are summarized in Table I . Fig. 3 depicts the total energy consumption per user versus an increasing number of freely accessible APs per km 2 , ranging from very low to increased AP density [14] . All users are travelling at 30 km/h speed. As it can be seen, the total energy consumption in the systems that perform periodic network scanning increases with the increase of the network scanning period. This is a result of the fact that the less frequently a network scanning is performed, the more opportunities to discover a WLAN network that can serve as a target of handover and reduce the transmission energy consumption may be lost. In this figure, it is also depicted that the system that employs the proposed network discovery algorithm outperforms in terms of energy consumption all the systems that perform periodic scanning. This is a result of the 
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fact that the use of context information for the network discovery allows the initiation of the network discovery procedure only when the user has travelled a distance which is long enough to increase the possibility of detecting an available network. Thus, on the one hand, the user avoids unnecessary energy consuming network scanning when there are no WLANs in his proximity, while, on the other hand, he initiates network scanning frequently enough to allow quick discovery of available networks. The total energy consumed per user is relatively high for all schemes because, according to the simulation model, all the users are assumed to continuously transmit data during the entire simulation time.
The average network detection delay, which is defined as the interval between the time a user first enters the coverage area of a WLAN and the time that the user discovers this network through network scanning, versus the AP density is depicted in Fig. 4 . As it can be seen, the system that employs the proposed network discovery algorithm takes advantage of information on the location of the user and the available networks and achieves significant reduction in the network detection delay, compared to all the systems that perform network scanning periodically. Note that the fading channel is not considered here, and thus, the detection delay is evaluated based on the ideal coverage area of a WLAN. The detection delay in a real-world environment may be increased depending on the real WLAN coverage area. Fig. 5 depicts the average network detection rate, defined as the ratio of the number of the networks a user has successfully detected over the number of networks the user has entered the coverage area of. The system that employs the proposed network discovery algorithm has a similar, and sometimes slightly improved, detection rate compared to the systems that perform periodic scanning. Thus, it can be seen that the proposed algorithm can guarantee improvement in the total energy consumption and the network detection delay with no loss in the network detection rate. Similarly to the previous simulation scenario, the system that employs the proposed network discovery algorithm outperforms the systems that perform periodic scanning in terms of total energy consumption. This is a result of the fact that the use of both the user and the network context information for the network discovery allows the initiation of the network discovery procedure once it is considered necessary, based on the travelled distance by the user. It is interesting to see that the total energy consumptions of all the schemes will reduce first as the user speed increases, as mobility brings users more chance to access a WLAN. With the further increase of the user speed, the duration a user can stay in a WLAN is reduced, which causes more transmission energy consumption.
The average network detection delay with respect to the user speed is depicted in Fig. 7 . Similarly to the previous scenario, the proposed energy-efficient network detection algorithm achieves significant reduction in the network detection delay, even in the case of vehicular user speeds.
Finally, the average network detection rate with respect to the user speed is depicted in Fig. 8 . The system that employs the proposed network discovery algorithm has a slightly improved detection rate compared to the systems that perform periodic scanning. In this paper, we proposed a novel ANDSF-assisted network discovery algorithm that exploits both terminal and network context information in order to decide when a network scanning should be performed, thus avoiding unnecessary energy-consuming network scanning and misdetection of available networks that can be used as targets of handover. With the use of simulations, the performance of the system employing the proposed network discovery algorithm was compared against a system that performs periodic network scanning without utilizing user or network context information. According to the performance evaluation results, the proposed algorithm allows a user to reduce its energy consumption and the delay of detecting available neighboring networks with no loss in the network detection rate. Our plans for future work include the further exploitation of the ANDSF towards efficient joint network discovery and selection. 
